Introduction
Two lines of evidence suggest that an adverse environment during early childhood has an important effect on the later risk of cardiovascular disease. Firstly, height, which is determined largely by growth in early childhood,' has been shown to be inversely related to cardiovascular mortality in prospective studies in Norway,2 Finland,3 and among male civil servants in London. 4 There is also a close inverse correlation between average height and cardiovascular mortality in the counties of England and Wales (Barker et al, unpublished) . Secondly, there is a close relation between differences in cardiovascular mortality between one part of England and Wales and another and differences in infant mortality 60 and more years ago. 36 The geographical distribution of cardiovascular disease is more closely related to neonatal and maternal death rates in the past than to postneonatal rates.6 This points to the importance of the environment during intrauterine rather than early postnatal life.
Blood pressure has been suggested as one link between the intrauterine environment and risk of cardiovascular disease. 6 We have therefore examined the relations among blood pressure, pulse rate, and intrauterine influences, as measured by birth weight, gestational period, mother's height, and mother's blood pressure. To do this we have used data from two large national samples, one of children aged 10 and another of adults aged 36.
We used geographical comparisons within England and Wales to examine the relation between intrauterine influences and cardiovascular disease. We compared geographical variations in mothers' heights and blood pressures, and in the birth weights of their children, with differences in cardiovascular mortality.
Subjects and methods
1970 Cohort-Roughly 97 5% of all births in Great Britain during one week in April 1970 were included in the British births survey.79 Information recorded at around the time of birth included birth weight, gestational period, and mother's blood pressure at first attendance at the antenatal clinic. Social class at birth was derived from father's occupation. Surviving children were followed up at 10 years when they were examined by clinical medical officers. Their heights, weights, blood pressures, and pulse rates were measured by standardised procedures. Mothers' heights were also recorded. Blood pressure was measured towards the end of the examination by using a sphygmomanometer. The cuff size, which was recorded, was sufficient to encircle the upper arm completely and cover two thirds of its length. Diastolic pressure was recorded at the fourth Korotkoff sound. Recordings were usually rounded to the nearest 10 mm Hg. Pulse rate was recorded over one minute at the beginning and end of the examination after the child had been left to settle for two minutes. We population size. Areas in the lowest cardiovascular mortality group were mostly in the south and east of the country, around London. Those in the highest mortality group were mostly in the north and west. Table VI shows the distribution of variables in the five groups. All values were adjusted to take account of the differing social class distributions in each group. Among mothers heights fell from the lowest mortality group to the highest. There was no trend in systolic blood pressure but diastolic pressure rose from the lowest to the highest groups. Among children there was no significant trend in systolic pressure. There was, however, a clear trend of increasing pulse rate from the lowest to the highest mortality groups. This trend was little affected by adjustment for height, which fell from the lowest to the highest groups.
Discussion
Our analysis was based on two large samples of children and adults born in Britain and followed up from birth. These provide unique data for examining the relation between intrauterine influences and subsequent blood pressure and pulse rate.
Blood pressure and pulse rate correlated with each other both at 10 and 36 years ofage. Blood pressure was higher in men than women but little different in boys and girls. Pulse rates were on average 2-1 beats/min higher in women than men and 3-1 beats/min higher in girls than boys. Blood pressure showed the well known association with body weight. 2 Pulse rate was inversely related to height, as might be expected from the general inverse relation between heart rate and body size in mammals. '3 Both at 10 years of age (table I) and more strongly at age 36 (table II) systolic blood pressure was inversely related to birth weight. This was independent of current weight. Systolic blood pressure was also inversely related to maternal height (table IV) and positively related to maternal blood pressure (table V) . Our data may underestimate the association of blood pressure and birth weight. Blood pressure measurements were not automated and were therefore subject to observer variation, and results were often rounded to the nearest 10 mm Hg. The spread of diastolic pressures was less than that of systolic pressures and rounding had a greater effect. This may explain the lack of associations with diastolic pressure. At both 10 and 36 years pulse rate was only weakly related to birth weight and was not related to maternal height (table  IV) . It was, however, positively related to maternal blood pressure (table V) Birth weight is an indicator of many intrauterine influences. The magnitude of the intrauterine effect on blood pressure cannot be deduced from the size of the relation of blood pressure with birth weight. The inverse association between blood pressure and maternal height (table IV) is consistent with the known relation between shorter maternal stature and reduced fetal growth.18 The relation of blood pressure with birth weight was independent of the relation between blood pressure and maternal blood pressure (table V) . This is consistent with the known lack of an association between maternal blood pressure and birth weight other than in severe pre-eclampsia.'8 19 A relation between blood pressure and maternal blood pressure has been recorded before." The relation between blood pressure and other maternal variables known to influence fetal growth-for example, age and parityis being examined.
Analyses on blood pressure at age 36 showed that the relation with birth weight was independent of two possible confounding variables-namely, cigarette smoking and the subjects' parity."' Other than current weight, which our analysis took into account, we know of no variables which might confound the relation of birth weight with blood pressure in childhood. We conclude that this relation is evidence that the intrauterine environment influences blood pressure and pulse rates in later life. Further studies being carried out in different areas of Britain will clarify the role of other variables in this relation.
There are several possible mechanisms linking an adverse intrauterine environment with higher blood pressure through an effect on fetal growth. Pressure in the fetal circulation might be raised as a method of maintaining placental perfusion, and the raised pressures may persist after birth. 16 Retardation of intrauterine growth may lead to accelerated postnatal growth that is accompanied by an accelerated increase in blood pressure. 2' A link between the intrauterine environment and adult blood pressure might explain part of the geographical variation in death rates from cardiovascular disease within Britain. These variations are known to correlate with differences in mean systolic pressure in middle aged men.22 The evidence that past differences in the intrauterine environment contributed to them rests on the close geographical relation between current cardiovascular mortality throughout England and Wales and past neonatal and maternal mortality 60 and more years ago.i623 Recent comparison of birth weights during in Preston and London-areas with high and low neonatal and maternal mortality in the past-supports considerable anecdotal evidence that fetal growth was less in the areas with higher mortality. Mean birth weight in Preston was 289 g below that in London (unpublished data).
Our analysis of children born during 1970 shows that there are no longer large geographical differences in birth weight. Among the mothers, however, those living in areas with high cardiovascular mortality were on average shorter and had higher diastolic pressures at first attendance at the antenatal clinic (table VI) . Children in areas with high mortality were shorter and had higher pulse rates. These differences between areas were independent of social class. Only small geographical differences in children's blood pressures were recorded. In a recent survey in nine British towns, however, the mean pressures of children aged 5 to 7, measured with an automated recorder, were higher in towns with higher cardiovascular mortality. 24 It may be expected that despite general improvements in the growth and development of girls, differences in the intrauterine environment from place to place will take several generations to disappear. The stability of fetal growth rates through successive generations has been shown by the positive correlation between the birth weight of mothers and their babies.2526 The geographical differences in the heights of mothers who had babies in 1970 and the differences in the pulse rates of their children at 10 years of age suggest that differences in the intrauterine environment predisposing to differences in blood pressure and cardiovascular mortality persist in Britain.
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